and a 3-D seismic survey was performed in 1998 at the Rye Patch Geothermal field in Nevada, to determine the structure of the subsurface reservoir. The VSP survey was conducted to determine the seismic reflectivity of the reservoir horizons and to obtain reservoir velocity information. Because the results of the initial VSP profile indicated apparent reflections at depth F e i g h n e r e t al. [1998] , it was decided to proceed with the 3-D seismic survey to evaluate the application of modern seismic imaging techniques to geothermal reservoirs.
Geothermal reservoirs are considered difficult seismic targets because of hydrothermal alteration and other heterogeneity. As part of the 3-D seismic surface survey, an additional experiment was conducted during which a 3-component geophone was installed at a depth of 3900 f t . This geophone recorded all seismic waves generated by the surface sources, creating a second dataset in addition to the seismic reflection data. The investigation of the second dataset is the content of this report.
The location of the surface survey and the location of borehole 46-28 containing the geophone at depth are indicated in Figure 1 (modified after G e o t h e rmEz [1997] ). The Rye Patch temperature anomaly is bounded by the Humbold City Thrust in the East and the Rye Patch reservoir in the West. Initial geothermal exploration efforts in the 1980s and 1990s resulted in one successful well (44-28) while others were too cold or had no fluid flow. The 3-D seismic survey was intended to determine the applicability of modern seismic imaging techniques to geothermal reservoirs and in particular to study the geologic structure of the reservoir at depth. An initial report by F e i g h n e r e t al. [1999] revealed possible faulting at depth based on results derived from surface reflection seismic studies and surface-to-surface tomographic travel time investigations. The current investigation is intended to determine whether the dataset, which was recorded with minimal extra effort at depth, can provide additional valuable information and if so, whether it can support the results found in the previous studies.
Data Acquisition and Processing
The Rye Patch Geothermal Survey covered an area of 3.03 square miles and was designed with 12 northsouth receiver lines and 25 east-west source lines. The source interval was 100 feet while the source line spacing was 400 feet. Four Litton 311 vibrators were used in a squared array with the source flag at the center of the array. The source signal was a sweep with a frequency bandwidth between 8 HZ and 60 Hz. A detailed description of the data collection can be found in the contractor's report SECO [1998] . 
Ray Tracing
In 1997, a Vertical Seismic Profile (VSP) was recorded at the Ryepatch Geothermal field in well 46-28 Feighner et al. [1998] . The resulting P-wave velocity profile between the depth of 400 ft and 4150 ft represents the best estimate for the distribution of velocities in the subsurface around the well, and is the only in situ velocity measurement available.
Based on these results, a velocity function was derived that represents a smoothed average of the VSP velocity profile. The function is shown in Figure 4 .
The prominent features of this velocity function are the high velocity layer of 11,500 f t l s between 700 f t and 800 f t depth, followed by a velocity inversion to approximately 9000 f t l s over a depth range of 1500 ft, and a gradual increase to 20,000 f t l s representing the basement at a depth of 2900 f t . 
Source Elevation Statics
Assuming the above interpretation is correct, the time-difference plot in Figure 6 would be a representation of the basement interface at depth. However, it is evident that the trend of the travel time deviations in Figure 6 also mimics the elevation of the sources throughout the survey area. Figure 7a Figure  9 shows the tomographic results along receiver line 1 located along the western boundary of the survey area. It can be seen that velocities as low as 5000 f t / s are estimated for the shallow subsurface down to depths of 200 f t . Because these velocities (if correctly estimated) are lower than the one assumed in our homogeneous model (6800 f t l s down to a depth of 700 f t , see Figure 4 ), the resulting travel time difference bt would be negative throughout this region. With these considerations in mind, the structure of the travel time deviations will be investigated more closely. Figure 10 redisplays the travel time deviations from three different azimuths, in order to better recognize the structure. In Figure 10a Figure   10b (view from East) it is evident that the high terminates quickly to the North but shows a more gradual decrease toward the South. Similarly, in Figure 1Oc (view from West) the interruption of the low values in the foreground is abrupt to the North and more gradual to the South. Overall, the strike of this structure appears to be trending east-west.
Interpretation
After mapping the travel time deviations in Figure   8 to elevation differences using a basement velocity of 20,000 f t l s and a mean velocity of 9,000 f t l s for the section above the basement, the results are shown in 
Comparison to Previous Studies
A feature similar to the rise described above was detected in the study by Feighner et al. [1999] , and is shown in Figure 13 A possible explanation may be the presence of hydrothermal mineralization in the alluvial deposits of the area (Teplow [1999] ). The self potential data (Figure 16 ) support the trend of the magnetic and gravity surveys. Again, the data reveal a low in east-west direction around well 44-28 bounded by gradients to the North and South.
Overall, it can be stated that the self potential, magnetic and gravity data presented above support the interpretation of an east-west feature in the central region around the boreholes and therefore corroborates the results of the seismic mapping in the present study.
. Conclusions
The geophysical experiments conducted at Rye I€ it is determined that a surface seismic reflection survey may provide more detailed information about the reservoir structure it is recommended to add geophones in any available borehole within the survey area. These datasets collected at depth provide an independent, low-cost alternative to the surface data, and can help in the interpretation of the subsurface structure.
In the current study, the data recorded in bore- Feighner et al. [1999] ) and possibly with geophysical investigations undertaken in a previous study (Teplow [1999] ). However, it should be recalled that the interpretation of an elevated basement is just one of several structural models that can explain the data. 
